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The purpose of this study was to determine whether 
trains of subthreshold high frequency condit,oning stim-
uli (333 Hz, 1 ms duration, 2 ms interval) delivered to 
the canine ventricle inhibited the response to a prema-
ture stimulus (S2) more effectively than did a single 
subthreshold conditioning stimulus. It was found that 
trains of conditioning stimuli (mean 1.21 rnA) inhibited 
the response to S2 152 ms beyond expiration of the ven-
tricular effective refractory period, whereas a single con-
ditioning stimulus inhibited S2 only 20 ms or less beyond 
the ventricular effective refractory period. In late di-
astole, trains of cQnditioning stimuli failed to inhibit S2 
when the train of stimuli caused ventricular depolari-
Subthreshold electrical stimuli may prevent a response to a 
following stimulus that ordinarily excites the myocardium, 
as first described by Drury and Love (1) in the frog ventricle. 
Similar observations were made in canine atria by Lewis 
and Drury (2) and ventricles by Tamargo et al. (3) and in 
human atria and ventricles by Prystowsky and Zipes (4). 
Because subthreshold ventricular pacing stimuli may be ca-
pable of inhibiting premature ventricular complexes and 
preventing the onset of ventricular tachycardia, the electro-
physiologic properties of this phenomenon are important to 
explore. The purpose of this study was to investigate in the 
canine ventricle potential mechanisms responsible for in-
hibition of premature ventricular complexes and the most 
effective inhibiting characteristics of the subthreshold stimuli. 
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zation or the latter occurred in response to the next sinus 
impulse. Trains of conditioning stimuli did not induce 
ventricular arrhythmias. Lidocaine or autonomic block-
ade did not alter the response to trains of conditioning 
stimuli. Trains of conditioning stimuli or a single con-
ditioning stimulus inhibited the response to S2 only when 
they were delivered at the same electrode site. By length-
ening the ventricular effective refractory period, trains 
of conditJoning stimuli could prevent or terminate tach-
ycardias, but this possibility is constrained, at present, 
by the spatial limitations of the technique. 
(J Am Coil Cardio11985; 6:133-40) 
Methods 
Experimental preparation. Mongrel dogs were anes-
thetized using intravenous secobarbital (25 mg/kg body 
weight), repeated as necessary to maintain anesthesia. No 
data were collected for IS minutes after each dose of anes-
thesia. Dogs were ventilated using a cuffed endotracheal 
tube connected to a volume-cycled respirator. Arterial blood 
gases were randomly assessed to assure adequate oxygen-
ation and acid-base balance. The chest was not opened. 
Temperature was monitored with a rectal thermometer and 
kept at 37 ± 1°C by adjusting the proximity of an overhead 
light. A quadripolar electrode catheter (USCI) with 10 mm 
interelectrode spacing was introduced into an internal jug-
ular vein and advanced under fluoroscopic guidance to the 
right ventricular apex. Mean arterial pressure was constantly 
monitored from a femoral artery catheter. 
Pacing protocol. A programmable stimulator (Bloom 
Associates, Inc.) was used to stimulate the right ventricle 
with bipolar rectangular pulses delivered through one iso-
lation unit (WPI) for the basic drive train (SI) and the pre-
mature stimulus (S2)' The pulse duration of SI and S2 was 
always 2.0 ms and the current used was always twice late 
diastolic threshold (0.3 to 1.0 rnA). A second current output 
generator (WPI) that delivered 2 ms (unless otherwise spec-
ified) rectangular stimuli through an isolation transformer 
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always was utilized to introduce the subthreshold condi-
tioning stimulu& (Sc) or groups of conditioning stimuli. All 
stimuli (S I, S2 and Sc) were delivered through the distal 
bipolar electrode pair of the quadripolar catheter. The distal 
pole of the pair was the cathode and the proximal pole was 
the anode. The basic drive train was set at a constan~ SIS I 
interval (250 to 350 ms) for each dog. Ventncular refrac-
toriness was determined by stimulating the myocardium with 
a train of 15 complexes at a constant cycle length, followed 
by a premature stimulus that was introduced initially in late 
diastole. The SIS2 interval was shortened progressively until 
S2 consistently failed to provoke a response. The longest 
SIS2 interval at which S2 did not result in manifest myo-
cardial depolarization on two consecutive attempts was de-
fined as the effective refractory period of the right ventricle. 
The right ventricular effective refractory period was re-
measured in each dog before each phase of the experiment, 
and the SIS2 interval was adjusted if the, righ~ ventricular 
effective refractory pt;riod changed. 
Ventricular inhibition strength-interval testing (20 
dogs). To test for ventricular inhibition, tne premature in-
terval was set at a fixed SIS2 interval 10 ms longer than the 
right ventricular effective refractory period so that S2 always 
produced a ventricular response. The subthreshold condi-
tioning stimulus (Sc) was introduced beginning 20 ms befor~ 
the occurrence of S2, within the duration of the right ven-
tricular effective refractory period. The current of Sc WaS 
always subthreshold and had a duration of 2.0 ms; by itself, 
Sc never produced a propagated ventricular response. As 
the current of Sc was increased, Sc was regularly introduced 
without S2 to ensure that by itself Sc did not result in a 
propagated ventricular depolarization. The current level of 
Sc was increased in 0.2 rnA increments until Sc inhibited 
the propagated ventricular depolarization in response to S2 
three consecutive times. 
Thus, for inhibition to be present, the following criteria 
had to be met: 1) Sc at a constant current prevented prop-
agated ventricular depolarization in response to S2 on three 
consecutive trials, 2) Sc when delivered without S2 did not 
produce propagated ventricular depolarization, 3) S2 deliv-
ered without Sc produced ventricular depolarization, and 4) 
Sc delivered with S2 after the sequential completion of the 
previous events again inhibited the response to S2. At this 
point, the current of Sc was reduced by 0.4 rnA and the Sc 
stimulus was delivered 10 ms earlier (closer to SI), increas-
ing the ScS2 interval by 10 ms. If Sc failed to inhibit S2 at 
this new ScS2 interval, then the rnA current of Sc was in-
creased progressively until Sc inhibited S2. The process was 
repeated until an ScS2 interval was obtained at which an Sc 
of 10 rnA no longer inhibited S2' Twenty dogs underwent 
testing using this method. 
Trains of high frequency conditioning stimuli (13 
dogs). Trains of subthreshold conditioning stimuli (250 to 
500 Hz, stimuli duration 1 to 2 ms, interstimulus interval 
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1 to 2 ms) were introduced after the 15 beat drive train to 
inhibit S2 in 13 dogs. The initial SIS2 interval was 10 ms 
greater than the right ventricular effective refractory period. 
The train of conditioning stimuli (Frederick Haer stimulator) 
was delivered using a current generator separate from the 
generator delivering SI and S2' The conditioning train, SI 
and S2 were all delivered to the same distal bipolar pair on 
the pacing catheter positioned at the right ventricular apex. 
The train of conditioning stimuli was initiated 75 ms after 
the final S 1 of each drive train and terminated at the same 
time S2 was delivered. The current of each stimulus within 
the train of stimuli was constant and was 0.1 rnA initially, 
increasing in increments of 0.05 rnA until S2 wa& inhibited 
or the conditioning train depolarized the ventricle. After 
inhibition of S2 occurred, the SIS2 interval was increased 
by 10 to 20 ms and the process was repeated. 
For inhibition to be present, the following criteria had 
to be met: I) the train of conditioning stimuli inhibited 
propagated ventricular depolarization in response to S2 at 
the same current three consecutive times, 2) the train of 
conditioning stimuli when delivered without 82 did not produce 
propagated ventricular depolarization, 3) S2 delivered with-
out the train of conditioning stimuli depolarized the ventri-
cle, and 4) the train of conditioning stimuli delivered with 
S2 after completion of the previous events again inhib-
ited S2' 
Effects of pharmacologic manipulations (seven dogs). 
Ventricular inhibition strength-interval testing and testing 
using high frequency trains of stimuli as just described were 
repeated in four dogs after administration of lidocaine (2 
mg/kg loading dose and 1 mg/min continuous infusion) and 
in three different dogs after autonomic blockade (propran-
olol, 1.5 mg/kg and atropine, 0.6 mg/kg). Lidocaine was 
investigated because in vitro data suggested that the con-
ditioning stimulus (Sc) might be producing subthreshold re-
sponses that might be inhibited by lidocaine (5). Beta-ad-
renergic receptor blockade with propranolol and muscarinic 
receptor blockade with atropine were produced to exclude 
the possibility that Se, particularly trains of conditioning 
stimuli, might be stimulating the release of local norepi-
nephrine or acetylcholine, which might account for the ob-
served results. 
Electrical testing. To ensure that inhibition using trains 
of conditioning stimuli was not an artifact of electrical in-
teractions between the train of stimuli and S2 within the 
catheter or at the electrodes (for example, polarization volt-
ages), the voltage delivered at the distal pair of pacing 
electrodes was measured in heparinized canine blood main-
tained at body temperature and during catheter placement 
in the right ventricle. Measurements were made using a 
differential oscilloscopic channel (Tektronix) with the mea-
suring leads placed on the distal pair of pacing electrodes 
(that is, the electrodes delivering Sb S2 and the conditioning 
train of stimuli). These electrodes then were referenced to 
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a third unused proximal electrode of the same quadripolar 
pacing catheter. The drive train, S2 and the train of con-
ditioning stimuli were delivered and the voltage deflections 
were measured from the oscilloscope. Stimuli then were 
delivered between the proximal and distal electrodes on the 
same quadripolar pacing catheter. Voltage measurements 
were taken from the two unused middle electrodes on the 
catheter referenced against the negative stimulus electrode. 
The resulting voltage waveform was measured from the 
oscilloscope . 
Spatial effects on inhihition (eight dogs). Experjments 
were performed to investigate whether a conditioning stim-
ulus or train of conditioning stimuli delivered at a site remote 
from the site of S) and S2 delivery could inhibit S2. A midline 
sternotomy was performed and the heart was exposed using 
a pericardial cradle. In four dogs, a bipolar Teflon-coated 
stainless steel pluQge electrode with the ends bared of in-
sulation was used to deliver S I and S2 and one to four similar 
bipolar plunge electrodes were used to deliver the condi-
tioning stimulus or trains of conditioning stimuli. The elec-
trodes delivering the c6nditioning stimulus or trains of con-
ditioning stimuli surrounded and were equidistant (0.5 or 1 
cm) from the electrode delivering SI and S2. Electrodes were 
placed in the endocardium, myocardium or epicardium. All 
electrodes delivering conditioning stimuli were plunged to 
the same intramyocardial depth as the electrode used for S I 
and S2 stimulation. Positions were verified at necropsy. 
After electrode placement, 30 minutes elapsed before testing 
to allow electrode stabilization. The conditioning stimulus 
or trains of conditioning stimuli were delivered to one to 
four plunge electrodes in a manner similar to that just 
described. 
To test the effects on inhibition of electrode surface area, 
inhibition was tested in two open chest dogs using either a 
standard electrode catheter (USCI) with an electrode surface 
area of 12.6 mm2, or a cardioverting lead (6) (Medtronic 
6880) with an electrode surface area of 125 mm2 to deliver 
SI and S2 to the right ventricular endocardium and a patch 
electrode (Medtronic TX -7, titanium mesh electrode, 200 
mm2) (6) overlying the epicardial left ventricular apex to 
deliver the conditioning stimuli. In two additional open chest 
dogs, an epicardial plunge electrode in the center of the 
area covered by the patch electrode was used to deliver S I 
and S2. The patch electrode was used to deliver the con-
ditioning stimuli. Strength-interval testing and testing using 
trains of stimuli were performed as described earlier. 
Inhibiting ventricular depolarization resulting from 
atrial stimulation (three dogs). Three dogs were studied 
to determine whether subthreshold conditioning stimuli de-
livered to the His bundle could block a normally propagated 
atrial impulse. During high right atrial pacing, His bundle 
activation was recorded with an electrode catheter inserted 
into a carotid artery, advanced to the area of the noncoronlU'y 
sinus of the ascending aorta and manipulated into a position 
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where it consistently recorded the His bundle potential. The 
His bundle was paced with a bipolar plunge electrode placed 
in the region of the His bundle (7) and pacing was confirmed 
by a stimulus to ventricular activation interval during His 
bundle pacing that equaled the HV interval during atrial 
pacing and by demonstrating identical QRS and T wave 
configurations during His bundle and atrial pacing. The 
basic drive train (SI) and the premature stimulus (S2) were 
delivered through the electrode in the high right atrium. 
Conditioning stimuli were delivered to tl1e plunge electrode 
in the region of the His bundle. The SlS2 interval was 10 
to 20 ms longer than the atrioventricular (A V) nodal effec-
tive refractory period and S2 always resulted in propagated 
ventricular depolarization conducteq from the atrium. The 
conditioning stimulus (Sc) was delivered 100 ms before the 
His bundle deflection (H2) in response to S2' The current 
of Sc was increased from 0.2 mA in 0.2 rnA increments 
until inhibition of propagated ventricular depolarization re-
sulting from S2 or capture by Sc occurred. Criteria for in-
hibition were the same as those described previously during 
ventricular inhibition strength-interval testing. The condi-
tioning stimulus (Sc) was advanced progressively closer to 
H2 until the two stimuli were delivered simultaneously. In-
hibition was sought at each new ScH2 interval. 
On completion of strength-interval testing, trains of stim-
uli were delivered to the bipolar plunge electrode in the area 
of the His bundle. The stimuli within the train had a pulse 
interval of 2 ms and a pulse duration of 1 ms (frequency of 
333 Hz). The train was initiated 75 ms after the last SI of 
each drive train and terminated 30 to 50 ms after H2. The 
current of each stimulus within the train of stimuli was 
increased from 0.1 rnA in increments of 0.05 rnA until 
inhibition of ventricular depolarization resulting from S2 or 
capture by the train occurred. The criteria for inhibition 
when testing high frequency trains of conditioning stimuli 
were the same as those described previously. 
Results 
Ventricular inhibition strength-interval testing (Fig. 
1 to 4). Twenty dogs underwent ventricular inhibition test-
ing using a single conditioning stimulus (Sc)' For the entire 
group, the maximal mean ScS2 interval at which inhibition 
still occurred using currents of 10 rnA or less was 62 ms 
(range 40 to 90). When currents for Sc were 5 rnA or less 
the maximal mean ScS2 interval at which Sc still inhibited 
the response to S2 was 47 ms (range 20 to 70). Figure 1 
demonstrates analog data from a dog whose entire curve is 
shown in Figure 2. The SlS2 interval was 170 ms and this 
was held constant for the entire study in this dog. The 
recordings on the left side of each panel in Figure 1 (A and 
B) demonstrate the maximal Sc current for each ScS2 interval 
at which the conditioning stimulus did not inhibit the prop-
agated response to S2, while the middle recordings in each 
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Figure 1. Inhibition in the canine ventricle by a subthreshold 
conditioning stimulus (Sc)' The S)S2 interval was 170 ms. For each 
ScS2 interval (A, ScS2 = 20 ms; B, ScS2 = 70 ms), the highest 
Sc current (rnA) at which no inhibition occurred (left recordings), 
the lowest Sc (rnA) at which Sz was inhibited (middle recordings) 
and S2 delivery without Sc (right recordings) are shown. See text 
for details. 
panel illustrate the minimal current at which Sc always in-
hibited the response to S2' The recordings on the right side 
in Figure 1 show that S2 captures when Sc is absent. The 
top tracing in each panel is a lead II surface electrocardio-
gram and the lower tracing in each panel is a bipolar right 
ventricular endocardial electrogram. More current is needed 
for Sc to inhibit the response to S2 as Sc precedes S2 at 
increasing intervals. The current of Sc required to inhibit 
the response to S2 demonstrates a curvilinear relation vary-
ing directly as the ScS2 interval increases (Fig. 2). The 
maximal ScS2 interval at which Sc inhibited the response to 
S2 was 70 ms and was achieved at a current of 6.4 rnA. 
Figure 2. Inhibition strength-interval curve for the same dog as 
in Figure 1. See text for details. 
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Figure 3. The effect of lidocaine on inhibition strength-interval 
testing in one dog. The inhibition strength-interval curve is plotted 
for control (e) and after administering lidocaine (0). ERP = right 
ventricular effective refractory period. 
Currents of 6.4 to 10.0 rnA did not produce any greater 
degree of inhibition. 
Lidocaine prolonged the effective refractory period from 
157 ± 17 to 168 ± 15 ms (Fig. 3). It shifted the strength-
interval curve describing the inhibition of S2 by Sc upward 
and to the left, so that more current was required for Sc to 
inhibit the response to S2 at each ScS2 interval tested. Fur-
thermore, lidocaine decreased the maximal mean ScS2 in-
terval at which inhibition occurred from 63 ms (range 50 
to 80) to 38 ms (range 30 to 50). The mean serum lidocaine 
level drawn during testing was 2.9 ng/ml (range 2.0 to 3.5). 
Autonomic blockade did not affect the response to strength-
interval testing in three dogs (Fig. 4). 
When the $)$2 interval exceeded the effective refractory 
period by more than 20 ms, a subthreshold Sc preceding S2 
by greater than 20 ms failed to inhibit the response to S2. 
Figure 4. Effect of autonomic blockade on inhibition strength-
interval testing in one dog. Inhibition was unchanged after auto-
nomic blockade (0) when compared with control (e). ERP = right 
ventricular effective refractory period. 
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Trains of high frequency conditioning stimuli (Fig. 5 
and 6). Trains of high frequency stimuli (250 to 500 Hz) 
inhibited the response to an S2 delivered during diastole 
most successfully at a frequency of 333 Hz (stimulus interval 
2 ms and stimulus duration 1 ms), Figure 5 demonstrates 
analog data from one dog, The right ventricular effective 
refractory period at a pacing cycle length of 300 ms was 
140 ms. The pacing cycle length was held constant through-
out the experiment. The train of conditioning stimuli began 
75 ms after SI and ended when S2 was delivered, For each 
pair of recordings, the upper tracing is a surface electro-
cardiogram (lead II) and the lower tracing is a bipolar right 
ventricular electrogram recorded from the proximal pair of 
electrodes on the quadripolar catheter used to deliver the 
pacing and conditioning stimuli, The pair of recordings on 
the left in panel A demonstrate that a train of conditioning 
stimuli having a current of 0.75 rnA inhibits the response 
to S2 at an S I S2 interval of 170 ms. The middle pair of 
tracings demonstrate that the same train of conditioning 
stimuli used to inhibit the response to S2 did not depolarize 
the ventricle when S2 was omitted. The pair of tracings on 
the right show that S2 captured the ventricle when the train 
of conditioning stimuli was not delivered. Panel B in Figure 
5 demontrates similar results requiring a conditioning train 
current of 1.0 rnA to inhibit the response to S2 at an SIS2 
interval of 500 ms. 
Using data from this same experiment, the minimal con-
ditioning train current required to inhibit the response to S2 
plotted as a function of the S I S2 interval demonstrates a 
curvilinear response that initially rises and then reaches a 
plateau (Fig. 6). Eventually, as SIS2 was increased suffi-
ciently, one of two events caused the inhibition to cease in 
Figure 5. Inhibition late in diastole using trains of high frequency 
conditioning stimuli (TSc) in one dog (A, TSc = 0.75 rnA; B, 
TSc = 1.0 rnA). See text for details. 
T5c ' 0.75mA 
B 51 52 500 TSc·I.OmA 
~~ .J~ , 
++-
SKALE ET AL. 137 
INHIBITION OF PREMATURE STIMULI 
N 
2.0 1/1 
I-
1,8 iii 
:i: 1.6 ! 
0 1.4 
I-
Z 1.2 ;;: 
a: 1.0 
l-
LL 
0 
0.8 
« 0,6 e 
..J 0.4 « 
:I 0.2 
Z 
ERP 140ms 
i 0 
140 
+---,---~----r---'----r--~----~~ 
180 220 260 300 340 380 420 600 
$1$2 (ms) 
Figure 6. Inhibition strength-interval curve plotting the minimal 
current (rnA) required for the high frequency train of conditioning 
stimuli to inhibit S2 as the SIS2 interval increases for the same dog 
as in Figure 5. The curve rises, then reaches a plateau. See text 
for details. ERP = right ventricular effective refractory periods. 
each dog tested: either the current of the conditioning train 
became great enough to cause ventricular capture (n = 11) 
or ventricular depolarization in response to the next spon-
taneous sinus beat occurred (n = 2). In the latter situation, 
the conditioning train inhibited the response to S2 throughout 
all of diastole but failed to prevent a propagated ventricular 
response to an impulse of atrial origin. 
The mean right ventricular effective refractory period of 
the 13 dogs tested with conditioning trains was 162 ms 
(range 140 to 180) at a mean pacing cycle length of 302 
ms (range 280 to 350). The mean late diastolic pacing threshold 
for SI and S2 was 0.47 rnA (range 0.26 to 0.8). The mean 
maximal S I S2 interval at which inhibition of the response 
to S2 occurred was 321 ms (range 220 to 600), employing 
a maximal conditioning train with a mean current of 1.21 
rnA (range 0.46 to 1.85). The mean increase in the right 
ventricular effective refractory period produced by trains of 
conditioning stimuli was 152 ms (range 70 to 460). Trains 
of conditioning stimuli in the current range used in this study 
did not cause ventricular tachycardia or ventricular fibril-
lation in any dog. 
Three dogs each were tested with conditioning trains 
before and after either lidocaine administration or auto-
nomic blockade. Neither lidocaine nor autonomic blockade 
altered the curvilinear response comparing the control with 
the drug state. 
Electrical testing. When the pacing catheter was im-
mersed in a heparinized blood solution at body temperature 
or in the right ventricular cavity, the conditioning train caused 
a current-related augmentation of the delivered S2 voltage 
ranging from 0% at lower conditioning train currents to 10% 
at the upper levels of conditioning train currents utilized. 
The direction of polarization was consistent and positive. 
The conditioning train never caused a decrease in the de-
livered voltage of S2' 
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Spatial effects on inhibition. No inhibition was dem-
onstrated when S I and S2 were delivered at sites 5 and 10 
mm distant from the site where the conditioning stimulus 
or stimuli were delivered using any of the experimental 
designs just described. 
Inhibiting ventricular depolarization resulting from 
atrial stimulation. Ventricular depolarization resulting from 
impulses of atrial origin could not be inhibited by a single 
stimulus or trains of conditioning stimuli delivered to a 
plunge electrode in the area of the His bundle in three dogs 
tested. 
Discussion 
Present findings. The important new findings of this 
study are: 1) subthreshold trains of high frequency condi-
tioning stimuli can prevent subsequent threshold stimuli from 
depolarizing the ventricle in diastole and are more effective 
than a single conditioning stimulus; 2) subthreshold trains 
of conditioning stimuli can be delivered to the ventricle 
without inducing ventricular tachycardia or ventricular fi-
brillation; and 3) subthreshold conditioning stimuli, indi-
vidually or in high frequency trains, are unable to inhibit 
ventricular depolarization resulting from a conducted supra-
ventricular complex when the train is delivered to the region 
of the His bundle or from a subsequent threshold stimulus 
(S2), if S2 is delivered at a site other than the site at which 
the conditioning stimulus is delivered. The curve describing 
the current required for a train of the conditioning stimulus 
to inhibit a response to S2 at increasing S I S2 intervals peaked 
early and then reached a plateau. The curve describing the 
current required for a single conditioning stimulus to inhibit 
the response to S2 showed a voltage- and time-dependent 
curvilinear relation in this study similar to that reported by 
Prystowsky and Zipes (4) in the human heart. 
Previous studies. Several studies (8-12) have demon-
strated the inhibitory actions that subthreshold conditioning 
stimuli exert on impulse conduction and generation in iso-
lated cardiac tissue. Cranefield and Hoffman (13) demon-
strated apparent spatial inhibition in branched Purkinje fibers 
when a wave front originating at one end of the preparation 
was inhibited by appropriately timed stimulation of the op-
posite end of the preparation. Spatial inhibition of this type 
implies that the conditioning stimulus generates a propa-
gated wave front. This is an unlikely mechanism to explain 
inhibition in the canine ventricle tested in our study or in 
the human ventricle tested by Prystowsky and Zipes (4), 
because the conditioning stimulus did not produce a prop-
agated ventricular depolarization and yet caused inhibition 
when delivered well within the ventricular effective refrac-
tory period, at a time when wave front propagation would 
not be expected. Lack of a propagated impulse from the 
conditioning stimulus is consistent with the fact that 
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subthreshold stimuli individually or in high frequency trains 
delivered at a site distant from the site of S2 origin uniformly 
failed to inhibit the response to S2. 
Mechanism of effects. Thus, it is likely that condition-
ing stimuli delivered well within the refractory period of 
the myocardium inhibit the propagated response to S2 by 
altering the local tissue response to stimulation (5). Such a 
mechanism was explored in vitro recently in isolated mam-
malian Purkinje fibers. Antzelevitch and Moe (5) demon-
strated that the conditioning stimulus electrotonic ally in-
creased the threshold current requirement for a subsequent 
stimulus in tissue beyond an area of block. Such inhibition 
was time- and voltage-dependent and prolonged the func-
tional refractory period of the tissue, possibly as a result of 
transient deactivation of a slowly activating inward current 
by the depolarizing conditioning stimulus. Loss of the con-
tribution of this inward current to the subsequent S2 response 
may explain electrotonic inhibition. Lidocaine, by reducing 
the voltage response to the conditioning stimulus, might be 
expected to result in less deactivation of the inward current, 
and thus reduce the inhibiting efficacy of the conditioning 
stimulus. 
Our data were consistent with this reasoning with the 
following exceptions. Conditioning stimuli in our in vivo 
study were delivered early, during cardiac refractoriness, 
when activation of the inward positive current suggested by 
Antzelevitch and Moe (5) might not be expected. However, 
because lidocaine has been shown to suppress electrotonic 
potentials generated at reduced membrane potentials, the 
data are not entirely inconsistent (14). In the in vitro study 
(5) conditioning stimuli delivered later in diastole caused a 
subthreshold response of greater voltage and greater inhib-
iting efficacy, responses that were not found in vivo. Also, 
trains of conditioning stimuli resulted in smaller electrotonic 
events in vitro (5) but markedly improved the inhibitory 
efficacy in vivo. The reason for these differences is not 
known. Finally, it is not clear why lidocaine failed to de-
crease the inhibitory capabilities of the train of conditioning 
stimuli in vivo as it did those of the single stimulus. Perhaps 
the trains deactivated an inward current to such a great degree-
"supramaximal" - that any diminution produced by lid-
ocaine was overcome by the effects of the train. 
Role in preventing ventricular arrhythmias. For 
subthreshold inhibitory stimuli to be useful in preventing 
ventricular arrhythmias, they must inhibit the response to a 
threshold stimulus throughout most of diastole. They must 
also inhibit the response to a threshold stimulus arising from 
a focus other than the site used to deliver the subthreshold 
inhibitory stimuli or inhibit propagation of an impulse over 
a pathway required for maintenance of the tachycardia; and 
they must not be arrhythmogenic. Applying these criteria 
to our study, we found that single subthreshold conditioning 
stimuli reliably inhibited the ventricular response to S2 only 
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when S2 was set 10 to 20 ms beyond the effective refractory 
period. High frequency trains of conditioning stimuli in-
hibited the ventricular response to S2 a mean of 152 ± 113 
ms after the effective refractory period in all 13 dogs tested. 
In two dogs the ventricular response to S2 was inhibited by 
high frequency trains of stimuli throughout diastole (600 
ms). Impulses arising in supraventricular tissue conducting 
to ventricular myocardium through the normal His-Purkinje 
system were not influenced by individual stimuli or trains 
of conditioning stimuli delivered to endocardium, myocar-
dium, epicardium or the region of the His bundle. This may 
have been due to minimal electrotonic influence produced 
by the conditioning stimuli in the His bundle. It is possible 
that, despite the recording of a large His deflection and direct 
His bundle pacing, the electrode may not have been in the 
ideal location to produce inhibition. Individual stimuli and 
high frequency trains of subthreshold stimuli did not induce 
ventricular tachycardia or ventricular fibrillation. 
Thus, this method met two of the three criteria required 
for it to be clinically useful. However, subthreshold high 
frequency trains of stimuli failed to inhibit the response to 
S2 when the trains of stimuli were delivered to any site other 
than the site where S2 was delivered. Since we have shown 
previously that a conditioning stimulus can inhibit S2 de-
livered at a different site 10 mm away (4), it is possible 
that the small surface area of the plunge electrodes or the 
intramural or epicardial locations explained the failure to 
inhibit the response to S2 in this study. 
Clinical implications. For this approach to be useful 
clinically, methods to enable inhibition at sites remote from 
the stimulation site must be developed. Conceivably, vari-
ations of the technique investigated in this report may be 
used to terminate tachycardias or even inhibit their original 
onset. Von Leiterer and Linderer (15) recently reported that 
low frequency (13.3 Hz) subthreshold burst pacing suc-
cessfully terminated sustained ventricular tachycardia in six 
of eight patients tested. Acceleration of the existing ar-
rhythmia or degeneration to a more malignant arrhythmia 
did not occur using low frequency brief burst pacing to 
terminate ventricular tachycardia. Perhaps subthreshold stimuli 
(16) or trains of stimuli will replace competitive pacing 
techniques, which often accelerate ventricular tachycardia 
to ventricular flutter or fibrillation when termination is at-
tempted with the currently accepted use of low frequency 
«5 Hz) threshold burst pacing (17). Antitachycardia de-
vices using subthreshold burst pacing technology may also 
offer an alternative or supplement to the high energy au-
tomatic implantable defibrillator (18) or low energy im-
plantable cardioversion devices ( 19) currently being 
investigated. 
At present, the technique is constrained by the limited 
spatial effects of inhibition and the theoretical possibility 
that the scarred myocardium in human subjects may not 
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respond as did the normal canine heart. Further investigation 
of the usefulness of subthreshold burst pacing techniques to 
treat ventricular tachycardia is warranted to establish which 
arrhythmias are most successfully treated with this tech-
nique, and to determine the optimal frequency, electrode 
configuration and placement of subthreshold burst pacing 
for each arrhythmia treated in this way. 
It is of interest that Verrier et al. (20) described a pro-
tective zone in the canine heart during which a stimulus 
delivered in the vulnerable period normally provokes ven-
tricular fibrillation but is prevented from doing so by a later 
stimulus delivered close by. Whether this phenomenon re-
lates to what we have found is unclear. However, both 
observations suggest that electrical approaches to prevent 
the onset of a tachycardia may be feasible and should be 
explored. 
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